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Purpose: We aimed to determine whether EEG background characteristics remain stable across discrete time periods during the acute period after resuscitation from pediatric cardiac arrest.
Methods: Children resuscitated from cardiac arrest underwent continuous conventional EEG monitoring. The EEG was scored in 12-hour epochs for up to 72 hours after return of circulation by an electroencephalographer using a Background Category with 4 levels (normal, slow-disorganized, discontinuous/burstsuppression, or attenuated-featureless) or 2 levels (normal/slowdisorganized or discontinuous/burst-suppression/attenuatedfeatureless). Survival analyses and mixed-effects ordinal logistic regression models evaluated whether the EEG remained stable across epochs.
Results: EEG monitoring was performed in 89 consecutive children. When EEG was assessed as the 4-level Background Category, 30% of subjects changed category over time. Based on initial Background Category, one quarter of the subjects changed EEG category by 24 hours if the initial EEG was attenuatedfeatureless, by 36 hours if the initial EEG was discontinuous or burst-suppression, by 48 hours if the initial EEG was slowdisorganized, and never if the initial EEG was normal. However, regression modeling for the 4-level Background Category indicated that the EEG did not change over time (odds ratio ¼ 1.06, 95% confidence interval ¼ 0.96-1.17, P ¼ 0.26). Similarly, when EEG was assessed as the 2-level Background Category, 8% of subjects changed EEG category over time. However, regression modeling for the 2-level category indicated that the EEG did not change over time (odds ratio ¼ 1.02, 95% confidence interval ¼ 0.91-1.13, P ¼ 0.75).
Conclusions:
The EEG Background Category changes over time whether analyzed as 4 levels (30% of subjects) or 2 levels (8% of subjects), although regression analyses indicated that no significant changes occurred over time for the full cohort. These data indicate that the Background Category is often stable during the acute 72 hours after pediatric cardiac arrest and thus may be a useful EEG assessment metric in future studies, but that some subjects do have EEG changes over time and therefore serial EEG assessments may be informative.
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(J Clin Neurophysiol 2018;35: 246-250) C ardiac arrest occurs in over 16,000 children per year in the United States, and survivors often experience substantial neurobehavioral morbidity. [1] [2] [3] [4] [5] [6] [7] [8] [9] Clinical and resuscitation characteristics are only moderately predictive of long-term neurobehavioral outcomes, 10-14 likely because they do not directly assess brain function. EEG monitoring provides a robust method of assessing brain activity, and it is often acquired early after cardiac arrest to identify nonconvulsive seizures. 15, 16 Furthermore, single-center data indicate that specific early postcardiac arrest EEG features are associated with discharge neurologic outcomes, 15, [17] [18] [19] [20] [21] [22] and the addition of EEG data to clinical information has been shown to significantly improve prognostication accuracy by clinicians. 23 Thus, EEG features could serve as early, direct, reliable, standardized, and clinically available brain injury severity biomarkers. Recognizing these potential uses of EEG, the International Liaison Committee on Resuscitation (ILCOR) recommended that investigators should "examine a standardized approach to EEG analysis." 24 To establish a standardized EEG analysis approach, we previously assessed the interrater agreement of standardized EEG variables. 25, 26 However, a standardized EEG analysis approach also needs to determine when to assess the EEG and whether the EEG changes over time during the acute period. If the EEG is relatively stable during the acute period, assessing the EEG during a single wide time span could be appropriate for subsequent prospective studies involving EEG assessment. By contrast, if the EEG changes substantially during the acute period in many patients, EEG biomarker studies would need to assess the EEG in narrower and likely multiple time periods. Thus, we aimed to assess how the EEG background changes during the acute period in children resuscitated after cardiac arrest.
METHODS
We enrolled consecutive children resuscitated after cardiac arrest who received care at the Children's Hospital of Philadelphia (CHOP) in an Institutional Review Board-approved prospective observational study of pediatric cardiac arrest. We collected demographic and clinical data related to previous medical history, cardiac arrest characteristics, resuscitation characteristics, and discharge outcome assessed from medical record notes using the Pediatric Cerebral Performance Category Score. 27 As part of clinical care guided by an institutional pathway 28 derived from recent guidelines and consensus statements regarding EEG monitoring in critically ill patients, 16, 29, 30 all patients resuscitated after cardiac arrest underwent continuous conventional full-array EEG monitoring. We initiated EEG monitoring as soon as possible after resuscitation. We performed EEG monitoring with Grass video EEG equipment and the international 10 to 20 montage with modification for neonates as needed.
This study evaluated 10-minute long EEG segments scored by a pediatric electroencephalographer blinded to all clinical information. We removed all clinical annotations in the EEG tracing before the blinded review. The video was not available, but the reviewer could adjust the montage, filters, and voltage settings. The reviewer scored the EEG using an electronic case report form in Research Electronic Data Capture (REDCap), which is a web-based electronic data application hosted at the CHOP Research Institute. 31 Use of the electronic case report form ensured that there were no missing data. The reviewer assessed the EEG at the earliest time available after resuscitation and at up to 6 subsequent times relative to the time of return of circulation (12, 24, 36, 48, 60 , and 72 hours). Thus, a maximum of 70 minutes of EEG were scored per subject. The reviewer scored the Background Category that consisted of the following: (1) normal (including sedated sleep), (2) slow-disorganized, (3) discontinuous (which had to be excessive for gestational age in neonates) or burst-suppression, and (4) attenuated-featureless. Previous studies of EEG monitoring in critically ill children have used this categorical system, 17,20-22 and a previous study involving four pediatric electroencephalographers demonstrated almost-perfect interrater agreement (kappa 0.89). 26 The EEG background was also combined into two background categories including the following: (1) favorable (normal or slowdisorganized categories) and (2) unfavorable (discontinuous/ burst-suppression or attenuated-featureless categories).
We performed statistical analyses using Stata 12 (College Station, TX). We used standard descriptive statistics to summarize the data as medians with interquartile ranges or counts (with percentages) as appropriate. We aimed to assess whether the background remained stable for individual subjects. Because of the variability in EEG monitoring duration across subjects, we used survival analysis methods to evaluate the time from EEG initiation until a change in EEG to a better or worse category occurred for each individual subject. An event was defined as a change in EEG at the first of each subsequent evaluation times (12, 24, 36, 48, 60 , and 72 hours) compared with the Background Category at the earliest EEG time. Subjects without a change in Background Category to a better or worse category were censored at the time closest to the time the EEG recording was discontinued. Because the entire study occurred in the acute period after resuscitation from cardiac arrest, no subjects were censored because of loss to follow-up. We generated KaplanMeier curves to show the estimated number of subjects without a change in EEG at various time points after EEG onset (12, 24, 36, 48, 60 , and 72 hours after return of circulation). We performed separate survival analyses for the EEG data categorized into 4-level and 2-level categories. We created heat maps to visualize the EEG category over time for each individual subject. To assess whether the EEG background changed over time for the full cohort, we performed a mixed-effects ordinal logistic regression for the 4-level EEG category data and a mixed-effects logistic regression for the 2-level EEG category data. This method takes into account within-subject correlation because of repeated measures by including subject-specific random effects.
RESULTS
The study included 89 subjects who experienced cardiac arrests between August 2012 and April 2016. Table 1 provides the demographic and clinical data of this cohort. The median patient age was 2.1 years (interquartile ranges 0.27-9.1 years). The median duration of cardiopulmonary resuscitation was 10 minutes (interquartile ranges 4-20 minutes), and 58 (65%) subjects had in-hospital cardiac arrests. The initial EEG was recorded 7.0 hours (interquartile ranges 4.4-11.4 hours) after return of circulation.
When the EEG Background Category was assessed with 4 levels, 30% of subjects changed categories over time (Table 2 ). Figure 1A shows the Kaplan-Meier curve. For all initial EEG background categories, fewer than 50% of the subjects experienced changes in Background Category over time. Thus, the median number of subjects without a change in Background Category cannot be reported, and we instead summarized when 25% of subjects changed Background Category. One quarter of subjects changed Background Category by 24 hours if the initial EEG was attenuated-featureless, 36 hours if the initial EEG was discontinuous or burst-suppression, 48 hours if the initial EEG was slow-disorganized, and never if the initial EEG was normal. Differences in rates of subjects who did not have a change in their Background Category over time by initial Background Category were not statistically significant (log rank test, P ¼ 0.28). Although the survival analysis indicated that 30% of subjects changed Background Category over time, the regression modeling indicated that there were no changes in Background Category over time for the full cohort (odds ratio ¼ 1.06, 95% confidence interval ¼ 0.96-1.17, P ¼ 0.26). Twenty-six subjects transitioned between the 4-level categories including 10 who worsened, 12 who improved, and four who briefly improved and then returned to initial worse category. Figure 2A shows a heat map showing Background Category over time for each subject.
Similar results occurred when the EEG was categorized as 2 levels. When the EEG Background Category was assessed as 2 levels, 8% of subjects changed categories over time (Table 2 ). Figure 1B shows the Kaplan-Meier curve. Although the survival analysis indicated that 8% of subjects changed Background Category over time, the regression modeling indicated that there were no changes in Background Category over time for the full cohort (odds ratio ¼ 1.02, 95% confidence interval ¼ 0.91-1.13, P ¼ 0.75). Seven subjects transitioned between the 2-level categories including two who worsened, four who improved, and one who briefly improved and then worsened again. Figure 2B shows a heat map showing Background Category over time for each subject.
DISCUSSION
The Background Category EEG variable has been used in pediatric prognostication systems, 15,17-22 and we have previously shown that assessments of Background Category by four pediatric electroencephalographers had almost-perfect interrater agreement. 26 Thus, it may be a useful EEG exposure variable for future large multicenter studies assessing EEG as a biomarker of early brain injury severity after pediatric cardiac arrest. The current study adds two key findings, which impact use of the Background Category EEG variable as a standardized EEG system in future studies. First, a meaningful proportion of individual subjects have changes in their Background Category assessments during the initial 72 hours after cardiac arrest. The Background Category changes for 30% of subjects when analyzed as 4 levels and 8% of subjects when analyzed as 2 levels. Thus, future studies assessing EEG as a brain injury severity biomarker or using EEG for neuroprognostication purposes may benefit from EEG assessment at multiple time points and analysis of changes in EEG over time. Several studies in adults after cardiac arrest have demonstrated that changes in EEG over time may be informative in terms of outcome prediction, with improvements in EEG assessments associated with more favorable outcomes [32] [33] [34] [35] Second, and somewhat contradictory, is the finding that when analyzed as a cohort, no statistically significant changes in EEG were identified using Background Category as either 4 levels or 2 levels. Establishing that EEG background categories do not significantly change over time when analyzed among the full cohort may indicate that this is a reasonably stable assessment system. This approach could serve as a standardized and reliable system to EEG scoring for future multicenter prospective pediatric cardiac arrest trials, aiming to stratify subjects using EEG as an early and clinically available biomarker of initial brain injury severity.
In considering survival analysis requirements, 36 clinical management leading to study data did not change during the study, the risk of consequences did not change during the study, and events occurred uniformly over the follow-up intervals. However, subjects represented by censored data may not have experienced the same consequences as those remaining under study. Patients with very normal or very abnormal EEGs may have been censored because EEG monitoring might have been discontinued earlier in patients who had a return to normal mental status or progressed to death, respectively. Thus, the uncensored subjects with mid-level EEG abnormalities tended to undergo longer durations of EEG monitoring. As a result, the survival analyses might underestimate the stability of EEG findings because more stable patients were more likely to be censored.
This study has several notable strengths. The EEG studies were obtained from a cohort of consecutive children resuscitated after cardiac arrest, so the EEG patterns likely represented the full spectrum of findings and the true prevalence of the various EEG patterns. The EEG reviewer could modify any settings, which mimics real-world EEG reading. However, there are also limitations. First, the EEG epochs were only assessed by one pediatric electroencephalographer, and interpretation may have varied by reviewer. However, our previous interrater agreement data in this cohort indicated almost-perfect agreement for the EEG categorization system. 26 Second, we assessed one overarching categorization system and did not assess each EEG component such as voltage, frequency, continuity, reactivity, or variability. Future work assessing individual EEG components is important because they might provide additional and more nuanced information than the categorical approach. Third, we assessed ten-minute segments of EEG data within each 12-hour epoch. This approach has been used in similar studies of adult cardiac arrest cohorts. 33 However, more frequent EEG assessments might have shown changes or fluctuations not identified by this analysis. Several similar adult cardiac arrest cohorts performed analysis on 5-minute epochs per hour, 34, 35 and several studies that showed EEG changes over time periods shorter than 12-hour epochs were informative in terms of prognosis. [33] [34] [35] Overall, these data indicate that the EEG Background Category changes over time in some subjects. Thus, repeated assessments may be needed for the highest accuracy in future studies assessing whether EEG predicts neurobehavioral outcomes in individual patients. However, for the full cohort, statistically significant changes in the Background Category were not identified indicating that the initial EEG assessment may provide a relatively stable assessment of early brain function, which could be used to stratify patients by early brain injury severity in future neuroprotection trials.
